Abstract. Non-clear cell renal cell carcinoma (nccRCC) represents a group of multiple histologic subtypes, with different clinical outcomes and an uncertain optimal treatment. Data collected in clear cell tumors are routinely extrapolated to nccRCC, despite a different underlying biology. The Center Group for Genitourinary tumors is a network of medical oncologists from hospitals in Madrid and surrounding provinces that are focused on genitourinary tumors. A retrospective, multicenter study of the outcome of patients with nccRCC diagnosed and treated at the Center Group hospitals between 1995 and 2015 was performed. Baseline clinical features, histologic subtypes, therapeutic management and survival status were analyzed. Data was collected from 173 patients, with a median age at diagnosis of 65 years , 67.1% were male. Histologic subtypes comprised 55.5% papillary carcinoma, 23.1% sarcomatoid, 13.9% chromophobe, 6.9% unclassified tumors and 0.6% oncocytoma. 159 patients received first line therapy including tyrosine kinase inhibitors (67.9%) and mammalian target of rapamycin inhibitors (11.9%). The response rates (RR) in evaluable patients (142) were: complete response 5.6%, partial response 17.6%, stable disease 40.8% and progression in 35.9% of cases. 90 patients (52.0%) received second line treatment. At the time of the data cut-off point (April 1, 2016), 126 patients had died, with a median overall survival (OS) of 17.9 months . The clinical outcome reported in this study has a similar OS to other published studies. Nevertheless, there are substantial differences among the distinct subtypes. Overall, prognosis in nccRCC remains poor. No significant differences were observed in the activity of systemic agents, used as either first or second line therapy.
INTRODUCTION
Kidney cancer accounts for 3-5% of all solid tumors in adults [1] . Clear cell renal cell carcinoma (ccRCC) represents 75-80% of renal epithelial malignancies. The remaining histological subtypes are referred to as non-clear cell renal cell carcinomas. Papillary carcinoma is the most common variant in this group (10-15% of renal cell carcinoma [RCC]) followed by chromophobe (5 %) [2] . Other histological subtypes include collecting duct with its medullary carcinoma variant, translocation and unclassified tumors. There is debate as to whether sarcomatoid tumors should be considered as non-clear cell RCC or should be classified as mesenchymal. A sarcomatoid component mixed with a predominant other histological type is relatively frequent. Usually, if this component represents less than 20% of the total sample, tumors are treated as if no sarcomatoid features were present. Actually, those patients with sarcomatoid features have a worse prognosis and are more resistant to standard systemic therapy options. Traditionally, treatment of metastatic ccRCC has been based on targeted therapies against vascular endothelial growth factor (VEGF), VEGF receptors (VEGFR) and mammalian target of rapamycin (mTOR). nccRCC represents a heterogeneous group with different biochemical features, genetic profiles, clinical characteristics and prognosis. The management of patients with nccRCC is unclear due to the infrequency of these histological types. They are usually excluded from clinical trials and treated the same as ccRCC.
The "Center Group for Genitourinary tumors" is a network of medical oncologists focused on genitourinary tumors from hospitals in Madrid and the surrounding provinces. This study aimed to assess the clinical behavior and characterize the activity in the real-world practice of nccRCC patients treated in our centers over the last two decades.
MATERIAL AND METHODS
A retrospective, multicenter study was performed of patients with metastatic nccRCC diagnosed between 1995 and 2015. Data were collected from medical records at 14 hospitals that belong to the Center Group for Genitourinary tumors network. Inclusion criteria included: histologically confirmed diagnosis of nccRCC including papillary, oncocytoma, chromophobe, medullary, translocation, unclassified or a mixture of these variants; and ccRCC with predominant non-clear cell features or sarcomatoid component above 10%. Exclusion criteria included: no previous history of invasive malignancy; a predominant clear cell component within a mixed histology, except if sarcomatoid features represented more than 10%; and the inability to follow-up the patient after the diagnosis of advanced disease. Baseline clinical and disease characteristics, histologic subtypes, Memorial Sloan Kettering Cancer Center (MSKCC) score, treatment information, evaluation of response and survival status were recorded. The primary objective was to define the demographic baseline characteristics of nccRCC patients in our environment and to assess the clinical outcome in terms of overall survival (OS), objective responses and progression free survival in patients treated with systemic therapies. The study protocol was approved by the local institutional review board or ethics committee at each participating center.
Statistical Analysis
Descriptive statistics were used to assess patient and tumor characteristics. Categorical data are presented as absolute frequencies and percentages. The response rate was measured using the Response Evaluation Criteria in Solid Tumors (RECIST) criteria. The data collection cut-off point was April 1st 2016. Progression free survival (PFS) was defined as the time from the beginning of treatment for metastatic disease until tumor progression or death, whichever occurred first. Overall survival was defined as the time from diagnosis of metastatic disease to death. PFS and OS were estimated using Kaplan-Meier survival curve analysis. Exploratory analyses were performed to evaluate OS according to histology and MSKCC risk group. Statistical data analysis was performed using SPSS version 20 (IBM Corp., Armonk, NY).
RESULTS
A total of 173 patients were included in the study. Table 1 had metastatic lesions at one site at diagnosis (mainly lung). 8.1% patients received best supportive care as the only systemic approach. 159 patients received first line therapy; 108 (67.9%) patients were treated with VEGFR tyrosine kinase inhibitors (TKI), 89 (82.4%) of them with sunitinib. Among the patients treated with mTOR inhibitor as a first line therapy (11.9%), temsirolimus was prescribed in the majority of cases (89.5%).
31 patients were not included in the response analysis: 14 did not receive any treatment, 6 had an unknown response or were lost to follow up and 11 were not assessable. The response rate (RR) based on RECIST criteria in 142 evaluable patients were: complete response (5.6%), partial response (17.6%), stable disease (40.8%) and disease progression (35.9%) ( Table 2) . A complete response was achieved with local treatment in 5 cases, TKI in 2 and chemotherapy in 1 case. Best responses to different treatments are shown in Fig. 1 . The main reasons for discontinuing treatment were progression in 59.5% of patients and toxicity in 13.3% of cases. 52.0% of patients received a second line of treatment; TKI in (Fig. 2) . Figure 3 shows PFS according (Fig. 4) . OS according to histology was longer for papillary and chromophobe tumors (25.4 months and 19.6 months respectively) and lower for sarcomatoid (6.6 months) and unclassified tumors (2.3 months). Patients rated with a good 
DISCUSSION
Non-clear cell renal cell carcinoma is a heterogeneous and uncommon disease. Outcome is worse than for ccRCC [3] . There is a paucity of data about the appropriate treatment for this type of malignancy. This retrospective study reports one of the largest cohorts of nccRCC patients published to date in order to assess the clinical management of these tumors the 'real-world' setting.
Most patients received sunitinib as a first line treatment. Although there is no standard treatment for nccRCC, there is substantial evidence based on retrospective series, small phase II and expanded access programs for the use of sunitinib as a targeted therapy. In addition, the European Society of Medical Oncology (ESMO) [4] guidelines highly recommend sunitinib as opposed to other options (IIA). Two prospective phase II randomized trials (ASPEN/ESPN) confirmed the efficacy of sunitinib versus everolimus in untreated nccRCC patients. In the ASPEN trial, sunitinib significantly increased progression-free survival (PFS) compared with everolimus in 108 patients with metastatic nccRCC; 8.3 months versus 5.6 months; HR 1.41 (80% CI 1.03-1.92). Median OS was longer for sunitinib than for everolimus (31.5 months versus 13.2 months), although the association did not reach statistical significance (HR1.12 (95% CI 0.7-2.1)) [5] . The ESPN trial explored the best treatment sequence. The study by Tannir et al. [6] , enrolled 73 patients with metastatic nccRCC or ccRCC with ≥20% sarcomatoid features. Patients were randomized to receive sunitinib or everolimus as a first line therapy with crossover at disease progression. Everolimus did not demonstrate a superior efficacy with an OS of 14.9 months (95% CI 8.0-23.4) compared to 16.2 months (95% CI, 14.2-NA) with sunitinib as the first line (p = 0.18). In a similar way, Motzer et al. [7] , compared first-line everolimus and sunitinib in a crossover treatment design in patients with metastatic renal cell carcinoma. About 15% of the study population had nccRCC. Median PFS for sunitinib in the first-line was 7.2 months versus 5.1 months for everolimus (HR 1.5; 95% CI 0.9-2.8). The SUPAP study by GETUG assessed the efficacy of sunitinib in locally advanced and metastatic papillary renal cell carcinoma, demonstrating a significant activity with an OS of 17.8 months (95% CI 5.7-26.1) and 12.4 months (95% CI 8.2-14.3) in type 1 and 2, respectively [8] .
More recently, another TKI, pazopanib, has been evaluated. In a retrospective analysis from the M. D. Anderson Cancer Center [9] , twenty-nine patients with metastatic nccRCC received pazopanib. The median OS was 31 months in the first-line (95% CI 9.2-NA) and 13.6 months (95% CI 6.4-NA) in the salvage group. In an Italian cohort, 37 patients were treated with pazopanib as a first line treatment. 81% of patients achieved disease control and the median PFS and OS were 15.9 (95% CI 5.9-25.8) and 17.3 months (95% CI 11.5-23.0), respectively [10] . Both studies support pazopanib as an alternative therapy.
In our study, 19 patients were treated with mTOR inhibitors as a first line treatment, 17 with temsirolimus and 2 with everolimus. These agents were prescribed as a second line in 33 patients, mainly everolimus. mTOR inhibitors also play an important role in the treatment of nccRCC. In a subgroup analysis of the Advanced Renal Cell Carcinoma (ARCC) trial, temsirolimus showed a superior efficacy over interferon in the non-clear cell histology and a similar OS to patients with ccRCC [11] . Everolimus also has a demonstrated activity in this type of tumors. In the REACT trial (Expanded Access Trial of Everolimus), 76 patients (5.5%) had metastatic nccRCC and approximately 50% of patients achieved disease control with this mTOR inhibitor [12] . The phase II RAPTOR was designed to evaluate the efficacy of everolimus for papillary metastatic RCC as a first line. The median OS was 21.4 months (95% CI 15.4-28.4), which was even longer for patients with type 1 papillary mRCC [13] . The MSKCC [14] performed a retrospective analysis of treatment outcome with mTOR inhibitors. Eighty five patients with nccRCC or renal carcinoma with sarcomatoid features were treated with temsirolimus or everolimus. OS was poor for the entire cohort (8.7 months; 95% CI 6.5-12.0), although there were some patients who received treatment for more than 2 years. Therefore, there is a subset of patients who benefits from rapalogs.
Patients treated with TKI reached a longer median PFS than those treated with mTOR inhibitors (9.3 versus 2.9 months). Nevertheless, this may be influenced by the fact that patients treated with temsirolimus in the first line were mainly poor-risk patients (following the approved indication for the drug), while TKI-treated patients included all risk categories. Several meta-analysis have compared the activity of TKIs with mTOR inhibitors. One study included 332 patients from three phase II and one phase III randomized trials. TKIs significantly reduced the risk of progression versus mTOR inhibitors (HR = 0.71; 95% CI 0.60-0.84). This superiority was maintained when the analysis was limited to patients treated in the first line. However, there was no difference in OS between the two therapies when all the patients were evaluated together [15] . The meta-analysis by Fernández-Pello et al. [16] , showed a trend towards a better survival for sunitinib compared to everolimus, although the difference did not reach statistical significance. Data for PFS from ESPN and ASPEN were included in this meta-analysis. The pooled analysis of these two studies generated a HR of 1.30 (95% CI 0.91-1.86).
In our cohort, 58 (40.8%) patients achieved stable disease as their best response. The rate of objective responses was low (23.2%), as has been described in the previously mentioned studies. Similarly to these trials, we used the RECIST criteria, which is probably not the most appropriate tool to evaluate response with targeted therapies. In our study, the median PFS and OS were 7.1 and 17.9 months respectively. These results are in line with published data (Table 3) . According to several studies, outcome in nccRCC is poorer than in ccRCC. In the RECORD-3 study, the median OS was shorter for nccRCC with respect to ccRCC, regardless of the treatment sequence [17] . 49 studies comprising 1244 patients diagnosed of nccRCC and 6300 patients with ccRCC were evaluated in the meta-analysis by Vera-Badillo et al. [18] . A lower RR was observed in nccRCC compared to ccRCC and the median PFS was 7.4 months (2.7-8.6 months) and median OS was 13.4 months (6.6-25.6 months) for nccRCC only treated with targeted agents. With regard to ccRCC, the median PFS and median OS were 10.5 months (4.0-13.5 months) and 15.7 months (9.0-34.2 months), respectively.
We analyzed OS according to the different histologic subtypes. Papillary and chromophobe tumors reached the best outcome, as reported in previous studies [3, 6, 8, 19] . Unclassified and sarcomatoid carcinomas had a poor prognosis. We decided to include renal cell carcinomas with sarcomatoid features as this component confers an aggressive behavior and a worse response to targeted therapies [20, 21] . The International Metastatic Renal Cell Carcinoma Database Consortium (IMDC) [3] performed a large retrospective analysis based on 2215 patients with mRCC treated with first-line VEGF and mTOR inhibitors. The majority of nccRCC patients had a lower survival compared to ccRCC patients. Median OS was 27.1 months (95% CI 12.6-75.3 months) for chromophobe tumors, 14.0 months (95% CI 10.9-17.1 months) for papillary and 10.1 months (95% CI 5.1-13.2 months) in unclassified renal cell carcinomas. In a subsequent larger series derived from the IMDC, a total of 230 patients were identified with sarcomatoid features. Approximately 93 percent of patients received VEGF-directed therapy in the first-line setting and the overall response rate was 21 percent. The median PFS and OS were 4.5 and 10.4 months, respectively [21] . Response to treatment differs between different histological subtypes. In the ASPEN trial, papillary and unclassified tumors reached a longer PFS with sunitinib (8.1 months and 11.5 months, respectively) than with everolimus (5.5 months and 5.7 months, respectively). Whereas, tumors with a chromophobe histology responded better to everolimus (11.4 months for everolimus and 5.5 months for sunitinib) [5] . In the ESPN trial, the median OS with sunitinib for papillary RCC was 16.6 months and 31.6 months for chromophobe. Shorter survival rates were reached with everolimus for these histological types. The median OS for unclassified tumors was 15.4 months with sunitinib and a poorer survival was observed for RCC with sarcomatoid features compared to tumors without sarcomatoid features (10.4 months versus 16.6 months) [6] . There are two studies which evaluate different targeted therapies as first line therapies in papillary renal cell carcinomas. Patients received sunitinib in the SUPAP trial, whereas everolimus was the agent of choice in the RAPTOR trial [8, 13] . Similar PFS rates were reported in these two trials. However, the OS reported in the second study was longer. Patients treated with everolimus achieved a median OS of 28.0 months (95% CI 7.6-NE) for type 1 histology and 24.2 months (95% CI 15.8-32.8) for type 2. In the SUPAP trial, the median OS was 17.8 months (95% CI 5.7-26.1) and 12.4 months (95% CI 8.2-16) for type 1 and type 2, respectively. In the PANORAMA study, papillary histology was associated with a better overall survival with pazopanib according to the univariate analysis compared with other subtypes of nccRCC [10] . In the retrospective analysis by MSKCC [14] , response to mTOR inhibitors for sarcomatoid histological tumors was poor. Most of patients showed progressive disease as their best response and a short survival; PFS was 3.5 months (95% CI 1.6-5.4) and OS was 8.2 months (95% CI 4.8-14.3).
Poor risk RCC seems to achieve a better response to mTOR inhibitors than TKIs, as reported in ASPEN trial, with a longer PFS with everolimus than sunitinib (6.1 months versus 4.0 months) [5] . Outcome was also better in patients with a poor prognosis treated with temsirolimus compared to interferon alfa in the pivotal phase 3 [11] . Therefore, outcome and response to treatment differ between different histological subtypes that reflects distinct molecular characteristics and behavior. Although important advances have been reached in the treatment of nccRCC, outcomes are still unsatisfactory. In recent years, an enhanced understanding of the molecular basis of these tumors has led to the development of more specific and effective therapies. Several clinical trials are ongoing in this area (Table 4) .
The Cancer Genome Atlas Research Network [22] has performed a comprehensive molecular characterization of papillary renal carcinoma. Altered MET status (mutation, splice variant or gene fusion) or amplification of this gene is associated with type 1 papillary renal cell carcinoma, whereas activation of the NRF2-ARE pathway is associated with type 2.
Foretinib, a dual MET-VEGFR2 inhibitor, has demonstrated activity in patients with metastatic papillary renal cell cancer. In a phase II trial that included 74 patients with this histologic subtype, the objective response rate was 13.5 percent and the median PFS was nine months. The OS rate was 70 percent at one year and the presence of a MET mutation (mainly a germ line mutation) was a predictive factor of response [23] . Another selective MET inhibitor, savolitinib, has been evaluated in a phase II study of 109 patients with advanced papillary renal cell cancer. Outcomes were reported according to MET status. An objective response was observed in 18% patients, all with MET-driven disease. PFS was significantly longer in this group of patients compared to patients with MET-independent tumors (6.2 months versus 1.4 months; HR 0.33; 95% CI 0.20-0.52) [24] . A phase III clinical trial comparing savolitinib to sunitinib is planned in patients with MET-driven papillary RCC (NCT 03091192). Clinical trials are ongoing with other MET suppressors such as cabozantinib (NCT 02761057).
Alterations in the AKT-mTOR pathway are involved in the development of chromophobe tumors, primarily in Birt-Hogg-Dubé syndrome [25] . A trial with everolimus based on this histology is underway (NCT 02504892). The combined blockade of the mTOR and VEGF pathways is being explored in different clinical trials (NCT 01399918; NCT 02915783). PD-L1 expression appears to be associated with a worse prognosis in nccRCC [26] . The immune-checkpoint inhibitor nivolumab has recently been approved for the treatment of ccRCC. PD-1/PDL-1 inhibitors such as nivolumab (NCT 03075423), pembrolizumab (NCT 02853344) and atezolizumab (NCT 02724878) are being tested in nccRCC.
We acknowledge several limitations in our study such as its retrospective nature, the heterogeneous study population with mixed histologies and different treatments. Furthermore, some data are lacking. Despite these limitations, our study provides an accurate picture of the management of nccRCC in the real-world setting.
CONCLUSIONS
The clinical outcome reported in this study shows similar survival rates to those published in other studies, although there is a substantial difference among the distinct subtypes. In general, nccRCC prognosis remains poor. Collaboration between centers and cooperative groups should promote the enrolment of patients with nccRCC into specific randomized clinical trials that include appropriate stratification and subgroup analysis. Research efforts are needed to find molecular alterations of each histological type in order to develop specific therapies and to identify predictive biomarkers that could be used as tools in the future.
